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Liquid crystal state as a fourth state has properties between those of conventional liq-
uid and those of solid crystal. For instance, a liquid crystal may flow like a liquid, but its
molecules may be oriented in a crystal-like way. Liquid crystals can be divided into ther-
motropic and lyotropic liquid crystals , of which, thermotropic liquid crystals can be mainly
divided into three phases: Nematic, Smectic and Cholesteric. What has been widely used in
the electro-optic display devices is the Nematic, who has a more stable structure as well as
a lower viscosity, especially a wider working temperature range.
Recently, people show interests in biaxial nematic liquid crystal because of its potential
for fast-switching display devices, since the response of short axis to an applied field could
be much faster than that of the primary axis. Actually, it was early in the 1970 that the
existence of biaxial nematic phase was first predicted by Freiser in theory. However, it
was not until 2004 that its existence in experiment was first confirmed. In this paper, we
have carried out a great number of Monte Carlo simulations to study the phase behaviour of
liquid crystals formed by dipolar V-shaped molecules. Simulation results showed that the
system will occur phase transition from isotropic to uniaxial nematic (I − NU ), also from
uniaxial nematic to biaxial nematic (NU − NB) as well as isotropic to biaxial nematic(I −
NB). Especially, as the molecular dipole moment increases, the Landau point where phase
transition directly from isotropic to biaxial nematic(I −NB) occurs not only when the bend
angle is in the tetrahedral angle(θ = 109.47◦) but also in other bend angles. In other words,
Landau point becomes a Landau line. Besides, the range of the biaxial nematic will become
larger, as the dipole moment shifts further to the angular bisector and the dipole moment
intensity becomes larger, which make the biaxial nematic more stable. If this is really the
case, maybe it would be not that difficult to find the biaxial nematic in experiment.




























中文摘要 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I
英文摘要 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III
第一章 绪论 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 什么是液晶 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 液晶的分类 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 向列相液晶的序参数 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4 液晶的电光效应 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.5 蒙特卡罗模拟 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.6 研究背景和动机 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.7 本文结构 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
第二章 相关理论及模型 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.1 Maier-Saupe平均场理论 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.2 单轴向列相模型及蒙特卡罗模拟 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.3 双轴向列相模型 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.4 蒙特卡罗模拟 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
2.5 双轴向列相的序参数 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
第三章 蒙特卡罗模拟结果与讨论 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27















3.2 分子偶极矩沿着角平分线方向 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.3 分子偶极矩偏移角平分线方向 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
第四章 总结 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
第五章 展望 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
参考文献 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
硕士期间发表的文章 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47



















Abstract in Chinese. ................................................................. I 
 
Abstract in English. .................................................................. III 
 
Chapter 1   Introduction. ......................................................... 1 
 
1.1 What is liquid crystal  .............................................................................. 1 
 
1.2 Classification of  liquid crystal  .................................................................. 2 
 
1.3 Orientational  order  parameter . ................................................................ 4 
 
1.4 Electro-optic  effect of liquid crystals  .......................................................... 7 
 
1.5 Monte Carlo simulation  ........................................................................... 8 
 
1.6 Background and motivation . ................................................................... 9 
 
1.7 Layout of  the thesis .............................................................................. 13 
 
Chapter 2  Relevant theories and models. ........................... 15 
 
2.1 Maier-Saupe mean field theory . ............................................................... 15 
 
2.2 Uniaxial nematic model and Monte Carlo simulations  ................................... 17 
 
2.3 Biaxial nematic model  ........................................................................... 20 
 
2.4 Monte Carlo simulations  ........................................................................ 23 
 
2.5 Orientational order parameters of  the biaxial nematic  ................................... 24 
 
Chapter 3  Simulation results  and discussions.................. 27 
 
3.1 The case of  V-shaped molecules without an electrical dipole moment  .............. 27 
 




















3.2 The electrical dipole moment in the direction of the angular bisector  ....................... 29 
 
3.3 The electrical dipole moment has a shift angle along the angular bisector . ........ 33 
 
Chapter 4  Conclusions. ...................................................... 37 
 
Chapter 5  Outlook. .............................................................. 39 
 
References  ........................................................................... 41 
  
Publications .......................................................................... 47 
 

















































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
